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(57) Abstract: An apparatus for decoding a signal and method thereof are disclosed, by which the audio signal can be controlled
& in a manner of changing/giving spatial characteristics (e.g., listener’s virtual position, virtual position of a specific source) of the

audio signal. The present invention includes receiving an object parameter including level information corresponding to at least
one object signal, converting the level information corresponding to the object signal to the level information corresponding to an
output channel by applying a control parameter to the object parameter, and generating a rendering parameter including the level
information corresponding to the output channel to control an object downmix signal resulting from downmixing the object signal.
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Description

METHOD AND APPARATUS FOR DECODING A SIGNAL

Technical Field

The present invention relates to a method and an apparatus for decoding a signal,
and more particularly, to a method and an apparatus for decoding an audio signal.
Although the present invention is suitable for a wide scope of applications, itis par-

ticularly suitable for decoding audio signals.

Background Art
Generally, an audio signal is decoded by generating an output signal (e.g., multi-
channel audio signal) from rendering a downmix signal using a rendering parameter

(e.g., channel level information) generated by an encoder.
Disclosure of Invention

Technical Problem

However, in case of using the rendering parameter generated by the encoder for
rendering as it is, a decoder is unable to generate an output signal according to device
information (e.g., number of available output channels), change a spatial characteristic
of an audio signal, and give a spatial characteristic to the audio signal. In particular, it
is unable to generate audio signals for a channel number meeting the number of
available output channels of the decoder, shift a virtual position of a listener to a stage
or a last row of seats, or give a virtual position (e.g., left side) of a specific source
signal (e.g., piano signal).

Technical Solution

Accordingly, the present invention is directed to an apparatus for decoding a signal
and method thereof that substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide an apparatus for decoding a signal
and method thereof, by which the audio signal can be controlled in a manner of
changing/giving spatial characteristics (e.g., listener's virtual position, virtual position
of a specific source) of the audio signal.

Another object of the present invention is to provide an apparatus for decoding a
signal and method thereof, by which an output signal matching information for an
output available channel of a decoder can be generated.

Advantageous Effects
Accordingly, the present invention provides the following effects or advantages.
First of all, since control information and/or device information is considered in

converting an object parameter, it is able to change a listener's virtual position or a
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virtual position of a source in various ways and generate output signals matching a
number of channels available for outputs.

[9] Secondly, a spatial characteristic is not given to an output signal or modified after
the output signal has been generated. Instead, after an object parameter has been
converted, an output signal is generated using the converted object parameter
(rendering parameter). Hence, it is able to considerably reduce a quantity of
calculation.

Brief Description of the Drawings

[10] The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the description serve to
explain the principles of the invention.

[11] In the drawings:

[12] FIG. 1 is a block diagram of an apparatus for encoding a signal and an apparatus for
decoding a signal according to one embodiment of the present invention;

[13] FIG. 2 is a block diagram of an apparatus for decoding a signal according to another
embodiment of the present invention;

[14] FIG. 3 is a block diagram to explain a relation between a channel level difference
and a converted channel difference in case of 5- 1—51 tree configuation;

[15] FIG. 4 is a diagram of a speaker arrangement according to I'TU recommendations;

[16] FIG. 5 and FIG. 6 are diagrams for virtual speaker positions according to
3-dimnesional effects, respectively;

[17] FIG. 7 is a diagram to explain a position of a virtual sound source between
speakers; and,

[18] FIG. 8 and FIG. 9 are diagrams to explain a virtual position of a source signal, re-
spectively.

Best Mode for Carrying Out the Invention

[19] Additional features and advantages of the invention will be set forth in the de-
scription which follows, and in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure particularly pointed out in the
written description and claims thereof as well as the appended drawings.

[20] To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described, a method of decoding a signal
according to the present invention includes the steps of receiving an object parameter
including level information corresponding to at least one object signal, converting the

level information corresponding to the at least one object signal to the level in-
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formation corresponding to an output channel by applying a control parameter to the
object parameter, and generating a rendering parameter including the level information
corresponding to the output channel to control an object downmix signal resulting from
downmixing the at least one object signal.

Preferably, the at least one object signal includes a channel signal or a source
signal.

Preferably, the at least one object signal includes at least one of object level in-
formation and inter-object correlation information.

More preferably, if the at least one object signal is a channel signal, the object level
information includes a channel level difference.

And, if the at least one object signal is a source signal, the object level information
includes a source level difference.

Preferably, the control parameter is generated using control information.

More preferably, the control information includes at least one of control in-
formation received from an encoder, user control information, default control in-
formation, device control information, and device information.

And, the control information includes at least one of HRTF filter information,
object position information, and object level information.

Moreover, if the at least one object signal is a channel signal, the control in-
formation includes at least one of virtual position information of a listener and virtual
position information of a multi-channel speaker.

Besides, if the at least one object signal is a source signal, the control information
includes at least one level information of the source signal and virtual position in-
formation of the source signal.

Preferably, the control parameter is generated using object information based on the
object parameter.

Preferably, the method further includes the steps of receiving the object downmix
signal based on the at least one object signal and generating an output signal by
applying the rendering parameter to the object downmix signal.

To further achieve these and other advantages and in accordance with the purpose
of the present invention, an apparatus for decoding a signal includes an object
parameter receiving unit receiving an object parameter including level information cor-
responding to at least one object signal and a rendering parameter generating unit
converting the level information corresponding to the at least one object signal to the
level information corresponding to an output channel by applying a control parameter
to the object parameter, the rendering parameter generating unit generating a rendering
parameter including the level information corresponding to the output channel to

control an object downmix signal resulting from downmixing the at least one object
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[33] Preferably, the apparatus further includes a rendering unit generating an output
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signal by applying the rendering parameter to the object downmix signal based on the
at least one object signal.

Preferably, the apparatus further includes a rendering parameter encoding unit
generating a rendering parameter stream by encoding the rendering parameter.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

Mode for the Invention

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings.

First of all, in order to control an object downmix signal by changing a spatial char-
acteristic of the object downmix signal, giving a spatial characteristic to the object
downmix signal, or modifying an audio signal according to device information for a
decoder, a rendering parameter is generated by converting an object parameter. In this
case, the object downmix signal (hereinafter called downmix signal is generated from
downmixing plural object signals (channel signals or source signals). So, it is able to
generate an output signal by applying the rendering parameter to the downmix signal.

FIG. 1 is a block diagram of an apparatus for encoding a signal and an apparatus for
decoding a signal according to one embodiment of the present invention.

Referring to FIG. 1, an apparatus 100 for encoding a signal according to one
embodiment of the present invention may include a downmixing unit 110, an object
parameter extracting unit 120, and a control information generating unit 130. And, an
apparatus 200 for decoding a signal according to one embodiment of the present
invention may include a receiving unit 210, a control parameter generating unit 220, a
rendering parameter generating unit 230, and a rendering unit 240.

The downmixing unit 110 of the signal encoding apparatus 100 downmixes plural
object signals to generate an object downmix signal (hereinafter called downmix signal
DX). In this case, the object signal is a channel signal or a source signal. In particular,
the source signal can be a signal of a specific instrument.

The object parameter extracting unit 120 extracts an object parameter OP from
plural the object signals. The object parameter includes object level information and
inter-object correlation information. If the object signal is the channel signal, the object
level information can include a channel level difference (CLD). If the object signal is
the source signal, the object level information can include source level information.

The control information generating unit 130 generates at least one control in-
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formation. In this case, the control information is the information provided to change a
listener's virtual position or a virtual position of a multi-channel speaker or give a
spatial characteristic to a source signal and may include HRTF filter information,
object position information, object level information, etc. In particular, if the object
signal is the channel signal, the control information includes listener's virtual position
information, virtual position information for a multi-channel speaker. If the object
signal is the source signal, the control information includes level information for the
source signal, virtual position information for the source signal, and the like.

Meanwhile, in case that a listener's virtual position is changed, one control in-
formation is generated to correspond to a specific virtual position of a listener. In case
that a spatial characteristic is given to a source signal, one control information is
generated to correspond to a specific mode such as a live mode, a club band mode, a
karaoke mode, a jazz mode, a thythmic mode, etc. The control information is provided
to adjust each source signal or at least one (grouped source signal) of plural source
signals collectively. For instance, in case of the rhythmic mode, it is able to col-
lectively adjust source signals associated with rhythmic instruments. In this case, 'to
collectively adjust’' means that several source signals are simultaneously adjusted
instead of applying the same parameter to the respective source signals.

After having generated the control information, the control information generating
unit 130 is able to generate a control information bitstream that contains a number of
control informations (i.e., number of sound effects), a flag, and control information.

The receiving unit 210 of the signal decoding apparatus 200 includes a downmix
receiving unit 211, an object parameter receiving unit 212, and a control information
receiving unit 213. In this case, the downmix receiving unit 211, an object parameter
receiving unit 212, and a control information receiving unit 213 receive a downmix
signal DX, an object parameter OP, and control information CI, respectively.
Meanwhile, the receiving unit 210 is able to further perform demuxing, parsing,
decoding or the like on the received signals.

The object parameter receiving unit 212 extracts object information OI from the
object parameter OP. If the object signal is a source signal, the object information
includes a number of sources, a source type, a source index, and the like. If the object
signal is a channel signal, the object information can include a tree configuration (e.g.,
5-1-5 1 configuration) of the channel signal and the like. Subsequently, the object
parameter receiving unit 212 inputs the extracted object information Ol to the
parameter generating unit 220.

The control parameter generating unit 220 generates a control parameter CP using
at least one of the control information, the device information DI, and the object in-

formation OI. As mentioned in the foregoing description of the control information
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generating unit 130, the control information can includes HRTF filter information,
object position information, object level information, and the like. If the object signal
is a channel signal, the control information can include at least one of listener's virtual
position information and virtual position information of a multi-channel speaker. If the
control information is a source signal, the control information can include level in-
formation for the source signal and virtual position information for the source signal.
Moreover, the control information can further include the concept of the device in-
formation DI

Meanwhile, the control information can be classified into various types according to
its provenance such as 1) control information (CI) generated by the control information
generating unit 130, 2) user control information (UCI) inputted by a user, 3) device
control information (not shown in the drawing) generated by the control parameter
generating unit 220 of itself, and 4) default control information (DCI) stored in the
signal decoding apparatus.

The control parameter generating unit 220 is able to generate a control parameter by
selecting one of control information CI received for a specific downmix signal, user
control information UCI, device control information, and default control information
DCI. In this case, the selected control information may correspond to a) control in-
formation randomly selected by the control parameter generating unit 220 or b) control
information selected by a user.

The device information DI is the information stored in the decoding apparatus 200
and includes a number of channels available for output and the like. And, the device
information DI can pertain to a broad meaning of the control information.

The object information Ol is the information about at least one object signal
downmixed into a downmix signal and may correspond to the object information
inputted by the object parameter receiving unit 212.

The rendering parameter generating unit 230 generates a rendering parameter RP by
converting an object parameter OP using a control parameter CP. Meanwhile, the
rendering parameter generating unit 230 is able to generate a rendering parameter RP
for adding a sterophony to an output signal using correlation, which will be explained
in detail later.

The rendering unit 240 generates an output signal by rendering a downmix signal
DX using the rendering parameter RP. In this case, the downmix signal DX may be
generated by the downmixing unit 110 of the signal encoding apparatus 100 and can be
an arbitrary downmix signal that is arbitrarily downmixed by a user.

FIG. 2 is a block diagram of an apparatus for decoding a signal according to another
embodiment of the present invention.

Referring to FIG. 2, an apparatus for decoding a signal according to another
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embodiment of the present invention is an example of extending the area-A of the
signal decoding apparatus of the former embodiment of the present invention shown in
FIG. 1 and further includes a rendering parameter encoding unit 232 and a rendering
parameter decoding unit 234.

Besides, the rendering parameter decoding unit 234 and the rendering unit 240 can
be implemented as a device separate from the signal decoding apparatus 200 including
the rendering parameter encoding unit 232.

The rendering parameter encoding unit 232 generates a rendering parameter
bitstream RPB by encoding a rendering parameter generated by a rendering parameter
generating unit 230.

The rendering parameter decoding unit 234 decodes the rendering parameter
bitstream RPB and then inputs a decoded rendering parameter to the rendering unit
240.

The rendering unit 240 outputs an output signal by rendering a downmix signal DX
using the rendering parameter decoded by the rendering parameter decoding unit 234.

Each of the decoding apparatuses according to one and another embodiments of the
present invention includes the above-explained elements. In the following description,
details for the cases: 1) object signal is channel signal; and 2) object signal is source
signal are explained.

1. Case of Channel Signal (Modification of Spatial Characteristic)

First of all, if an object signal is a channel signal, an object parameter can include
channel level information and channel correlation information. By converting the
channel level information (and channel correlation information) using a control
parameter, it is able to generate the channel level information (and channel correlation
information) converted to a rendering parameter.

Thus, the control parameter used for the generation of the rendering parameter may
be the one generated using device information, control information, or device in-
formation & control information. A case of considering device information, a case of
considering control information, and a case of considering both device information and
control information are respectively explained as follows.

1-1. Case of Considering Device Information (Scalable)

If the control parameter generating unit 220 generates a control parameter using
device information DI, and more particularly, a number of outputable channels, an
output signal generated by the rendering unit 240 can be generated to have the same
number of the outputable channels. By converting a channel level difference (and
channel correlation) of an object parameter OP using the control parameter, the
converted channel level difference can be generated. This is explained as follows. In

particular, it is assumed that an outputable channel number is 2 and that an object
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parameter OP corresponds to the 5-1-5  tree configuration.

FIG. 3 is a block diagram to explain a relation between a channel level difference
and a converted channel difference in case of the 5- 1—51 tree configuration.

If a channel level difference and channel correlation meet the 5- 1—51 tree con-
figuration, the channel level differences CLD, as shown in a left part of FIG. 3, are
CLD0 to CLD4 and the channel correlation ICC are ICC0 to ICC4 (not shown in the
drawing). For instance, a level difference between a left channel L and a right channel
Ris CLD0 and the corresponding channel correlation is ICCO.

If the outputable channel number, as shown in a right part of FIG. 3, is 2 (i.e., left
total channel Lt and right total channel Rt), a converted channel level difference CLD
and a converted channel correlation ICC can be represented using the channel
differences CLD0 to CLD4 and the channel correlations ICC0 to ICC4 (not shown in the
drawing).

[Formula 1]

CLD,= 10% 10g10(PLt/PRt)

where, PLt is a power of Lt and PRt is a power of Rt.
[Formula 2]

PLt = PL + PLS + Pc/z + PLFE/2

PRt - PR + PRS + Pc/2 + PLFE/2

[Formula 3]
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[76] [Formula 4]
[77]
2 2
Pe/2 + Pigs/2 = (coommi*Ciomo) * m /2
[78] By inserting Formula 4 and Formula 3 in Formula 2 and then inserting Formula 2 in

Formula 1, it is able to represent the converted level difference CLD.
[79] [Formula 5]

[80]
P
]Cch = Re LR p . Z *
NP PR |, where Tawm T L %1%
[81] [Formula 6]
[82]

Prigt = Plp + Praps + Po/2 + Prge/2

[83] [Formula 7]
[84]
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2 2
Pip= 1CCs *cy ors *Coorms *(Cporm™Croormo)  *m

2 3
Prers= [CCs *Cy o112 *Co o112 *(Cz,OTTO) *1M

By inserting Formula 7 and Formula 3 in Formula 6 and then inserting Formula 6
and Formula 2 in Formula 5, it is able to represent the converted channel correlation
ICC using the channel differences CLD0 to CLD4 and the channel correlations ICC0 to
ICC4.

1-2. Case of Considering Control Information

In case that the control parameter generating unit 220 generates a control parameter
using control information, an output signal generated by the rendering unit 240 can
provide various sound effects. For instance, in case of a popular music concert, sound
effects for auditorium or sound effects on stage can be provided.

FIG. 4 is a diagram of a speaker arrangement according to I'TU recommendations,
and FIG. 5 and FIG. 6 are diagrams for virtual speaker positions according to
3-dimnesional effects, respectively.

Referring to Fig. 4, according to I'TU recommendations, speaker positions should be
located at corresponding points for distances and angles for example and a listener
should be at a central point.

If a listener, who is located at the point shown in FIG. 4, attempts to experience the
same effect as located at a point shown in FIG. 5, gains of surround channels Ls and
Rs including audience shouts are reduced, an angle is shifted in rear direction, and
positions of left and right channels L. and R are moved close to ears of the listener. In
order to bring the same effect at the point shown in FIG. 6, an angle between the left
channel L and the center channel C is reduced and gains of the left and center channels
L and C are raised.

For this, after an inverse function of sound paths (HL, HR, HC, HLS, HRS) cor-
responding to positions of speakers (L, R, Ls, Rs, C) to a listener has been passed,
sound paths (HL" HR" Hc" Hle, HRS') corresponding to positions of virtual speakers (L,
R', Ls', Rs', C') can be passed. In particular, a left channel signal can be represented by
Formula 8.

[Formula 8]
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Loew= function(Hy, H., L) = function(Hy ;or, L)

If there exist several HL , 1.e., if various sound effects exist, Formula 8 can be
expressed as Formula 9.
[Formula 9]

Lnew_i: funct iOH(HL_tot_is L)

In this case, control information corresponding to HX o I(X is an arbitrary channel)
can be generated by the control information generating unit 130 of the encoding
apparatus or the control parameter generating unit 220.

Details of the principle for changing sound effects by converting an object
parameter, and more particularly, a channel level difference CLD are explained as
follows.

FIG. 7 is a diagram to explain a position of a virtual sound source between
speakers. Generally, a arbitrary channel signal x has a gain g as shown in Formula 10.

[Formula 10] 1 1

x, (k) = g;x(k)

In this case, x is an input signal of an i" channel, g is a gain of the i" channel, and x
is a source signall. 1

Referring to FIG. 7, if an angle between a virtual source VS and a tangential line is
@, if an angle between two channels chl and ch2 is 2q)0, and if gains of the channels
chl and ch2 are gl and g2, respectively, the following relation of Formula 11 is es-
tablished.

[Formula 11]

smep g — g

S"] (niof.‘ in + lQ—‘_‘
According to Formula 11, by adjusting gl and g2, it is able to vary the position ¢ of

the virtual source VS. Since gl and g2 are dependent on a channel level difference
CLD, it is able to vary the position of the virtual source VS by adjusting the channel
level difference.

1-3. Case of Considering Both Device Information and Control Information

First of all, the control parameter generating unit 240 is able to generate a control
parameter by considering both device information and control information. If an

outputable channel number of a decoder is 'M'. The control parameter generating unit
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220 selects control information matching the outputable channel number M from
inputted control informations CI, UCI and DCI, or the control parameter generating
unit 220 is able to generate a control parameter matching the outputable channel
number M by itself.

For instance, if a tree configuration of a downmix signal is 5- 1—51 configuration and
if an outputable channel number is 2, the control parameter generating unit 220 selects
control information matching stereo channels from the inputted control informations
CI, UCT and DCI, or the control parameter generating unit 220 is able to generate a
control parameter matching the stereo channels by itself.

Thus, the control parameter can be generated by considering both of the device in-
formation and the control information.

2. Case of Source Signal

If an object signal is a source signal, an object parameter can include source level
information. In case of rendering using the object parameter intact, an output signal
becomes plural source signals that doe not have spatial characteristics.

In order to give a spatial characteristic to the object parameter, control information
can be taken into consideration in generating a rendering parameter by converting the
object parameter. Of course, like the case of a channel signal, it is able to consider
device information (outputable channel number) as well as the control information.

Once the spatial characteristics are given to the respective source signals, each of
the source signals can be reproduced to provide various effects. For instance, a vocal
V, as shown in FIG. 8, is reproduced from a left side, a drum D is reproduced from a
center, and a keyboard K is reproduced from a right side. For instance, vocal V and
Drum D, as shown in Fig. 9, are reproduced from a center and a keyboard K is re-
producible from a left side.

Thus, a method of using correlation IC to give specific stereophony to a source
signal after the source signal has been placed at a specific position by giving a spatial
characteristic is explained as follows.

2-1. Giving Stereophony Using Correlation IC

First of all, a human is able to perceive a direction of sound using a level difference
between sounds entering a pair of ears (IID/ILD, interaural intensity/level difference)
and a time delay of sounds heard through a pair of ears (ITD, interaural time
difference). And, a 3-dimensional sense can be perceived by correlation between
sounds heard through a pair of ears (IC, interaural cross-correlation).

Meanwhile, the correlation between sounds heard through a pair of ears (IC,
interaural cross-correlation) can be defined as Formula 12.

[Formula 12]
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_ Elx, I;]
i \/E[xl x, |F[x,x] ]

IC

[121] In this case, X and X are channel signals and E[x] indicates energy of a channel-x.
[122] Meanwhile, by adding stereophony to a channel signal, Formula 10 can be
transformed into Formula 13.
[123] [Formula 13]
[124]
Iz',new ('k} _ gi ([I;"I(k} + 'F!' {k}}
[125] In this case, is a gain multiplied to an original signal component and s_is a

stereophony added to an i" channel signal. Besides, and g are abbreviations of (k)
and g (k), respectively. 1 1 1
[126] Thle stereophony s may be generated using a decorrelator. And, an all-pass filter
can be used as the decl:orrelator. Although the stereophony is added, Amplitude
Panning's Law should be met. So, g is applicable to Formula 13 overall.
[127] Meanwhile, s is a value to adjus'; correlation IC. Although an independent value is
usable for each clhannel, it can be represented as a product of a representative

stereophony value and a per-channel gain.

[128] [Formula 14]

[129]
5, (k)= p.sti)

[130] In this case, i is a gain of an im channel and s(k) is a representative stereophony
value.

[131] Alternatively, it can be expressed as a combination of various stereophonies shown

in Formula 15.

[132] [Formula 15]

[133]
s (k)= Bz, (ky+ yz,(k)+ 8,2, (k) + ..

[134] In this case, z (k) is an arbitrary stereophony value. And, 3, %, and & are gains of
an im channel fornthe respective stereophonies. o 1

[135] Since a stereophony value s(k) or z (k) (hereinafter called s(k)) is a signal having
low correlation with a channel signal )Z_, the correlation IC with the channel signal x of
the stereophony value s(k) may be almi)st close to zero. Namely, the stereophony V?ilue

s(k) or z (k) should consider x(k) or (x (k)). In particular, since the correlation between
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[136]
[137]

[138]

[139]
[140]

[141]

[142]
[143]

[144]
[145]
[146]

[147]
[148]
[149]

the channel signal and the stereophony is ideally zero, it can be represented as Formula
16.

[Formula 16]

- E[xs,]
R xx T s

In this case, various signal processing schemes are usable in configuring the

=0

stereophony value s(k). The schemes include: 1) configuring the stereophony value
s(k) with noise component; 2) adding noise to x(k) on a time axis; 3) adding noise to a
amplitude component of x(k) on a frequency axis; 4) adding noise to a phase
component of x(k); 5) using an echo component of x(k); and 6) using a proper
combination of 1) to 5). Besides, in adding the noise, a quantity of the added noise is
adjusted using signal size information or an unrecognized amplitude is added using a
psychoacoustics model.

Meanwhile, the stereophony value s(k) should meet the following condition.

The condition says that a power of a channel signal should be kept intact even if a
stereophony value is added to the channel signal. Namely, a power of x should be
equal to that of x 1

i_new

, which are represented as Formula 10 and

i_new

To meet the above condition, x and X
Formula 13, should meet Formula 17.
[Formula 17]

Elxx"]= El(er, x+ 5 ) e, x+ .5'!)*]
Yet, a right side of Formula 17 can be developed into Formula 18.
[Formula 18]

El(g, x+5 Ma,x+ ) | =Ela a'xx' +a x5 +a'x's +55

= E [G:z' EI:I!-.I: + Sz' Sz*]

So, Formula 18 is inserted in Formula 17 to provide Formula 19.
[Formula 19]
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Elxx"]=a]E[xx 1+ E[s, s, ]
[150] The condition can be met if formula 1 is met. So, meeting Formula 19 is

represented as Formula 20.

[151] [Formula 20]
[152]
Els, s/
= I [S’Si]
Elxx']
[153] In this case, assuming that s_is represented as Formula 14 and that a power of s_is

equal to that of x, Formula 20 can be summarized into formula 21.
[154] [Formula 21]

[155]
al+ Bl =1
[156] Since cosze_ + sinze_ =1, Formula 21 can be represented as Formula 22.
[157] [Formula 2&] 1
[158]
o, =cosf, B =sinf,
[159] So to speak, s to meet the condition is the one that meets Formula 2, if x  is
represented as F(;rmula 13, if s is represented as Formula 14, and if a powerlfnoel‘?ﬁ s is
equal to that of x. 1 1
[160] Meanwhile, cz)rrelation between X and X _can be developed into Formula 23.
[161] [Formula 23]

[162]
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*

IC _ E[xl_newJCZ _new] *

xl_néw’xQ_new
\/E[xl_new 1 new]E[‘xz new 2 new]

glg;E[{xl [:ﬂ;xx*+ﬁ1 ﬁz*jj*]
\/ng[{}:fxx* + ,6’1 55 ]ng[r_x xx + ,,6’2 55 ]

Elayap’ + B fss]
JE[{xfxx* + ﬁf.ﬂ‘.ﬂ‘*]E[{Ijx}:* + }5’2235*]

[163] Like the aforesaid assumption, assuming that a power of s_is equal to that of X,

Formula 23 can be summarized into Formula 24.
[164] [Formula 24]
[165]

IC :ala;+/81 ﬁ;

A _Pzewx2 _iEew

[166] And, Formula 24 can be represented as Formula 25 using Formula 21.
[167] [Formula 25]
[168]
IC, . . =cos6 cost, +sind sin 6, = cos(6, —0,)

or

& —0,=cos"(JC, )

[169] So to speak, it is able to find X and X using 61 and 62.
[170] Hence, this method is able to enhance or reduce a 3-dimensional sense by adjusting
a correlation IC value specifically in a manner of applying the same method to the case

of having independent sources X and X as well as the case of using Amplitude
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[171]

[172]

[173]

Panning's Law within a single source Xx.
Industrial Applicability

Accordingly, the present invention is applicable to an audio reproduction by
converting an audio signal in various ways to be suitable for user's necessity (listener's
virtual position, virtual position of source) or user's environment (outputable channel
number).

And, the present invention is usable for a contents provider to provide various play
modes to a user according to characteristics of contents including games and the like.

While the present invention has been described and illustrated herein with reference
to the preferred embodiments thereof, it will be apparent to those skilled in the art that
various modifications and variations can be made therein without departing from the
spirit and scope of the invention. Thus, it is intended that the present invention covers
the modifications and variations of this invention that come within the scope of the

appended claims and their equivalents.
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[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Claims

A method of decoding a signal, comprising the steps of:

receiving an object parameter including level information corresponding to at
least one object signal;

converting the level information corresponding to the object signal to the level
information corresponding to an output channel by applying a control parameter
to the object parameter; and,

generating a rendering parameter including the level information corresponding
to the output channel to control an object downmix signal resulting from
downmixing the object signal.

The method of claim 1, wherein the one object signal comprises a channel signal
or a source signal.

The method of claim 1, wherein the object parameter comprises at least one of
object level information and inter-object correlation information.

The method of claim 3, wherein if the object signal is a channel signal, the object
level information includes a channel level difference.

The method of claim 3, wherein if the object signal is a source signal, the object
level information includes a source level information.

The method of claim 1, wherein the control parameter is generated using control
information.

The method of claim 6, wherein the control information comprises at least one of
control information received from an encoder, user control information, default
control information, device control information, and device information.

The method of claim 6, wherein the control information comprises at least one of
HRTEF filter information, object position information, and object level in-
formation.

The method of claim 6, wherein if the object signal is a channel signal, the
control information comprises at least one of virtual position information of a
listener and virtual position information of a multi-channel speaker.

The method of claim 6, wherein if the object signal is a source signal, the control
information comprises at least one of level information of the source signal and
virtual position information of the source signal.

The method of claim 1, wherein the control parameter is generated using object
information based on the object parameter.

The method of claim 1, further comprising receiving the object downmix signal
based on the at least one object signal; and,

generating an output signal by applying the rendering parameter to the object
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[13]

[14]

[15]

downmix signal.

An apparatus for decoding a signal, comprising:

an object parameter receiving unit receiving an object parameter including level
information corresponding to object signal; and,

a rendering parameter generating unit converting the level information cor-
responding to the at least one object signal to the level information cor-
responding to an output channel by applying a control parameter to the object
parameter, and generating a rendering parameter including the level information
corresponding to the output channel to control an object downmix signal
resulting from downmixing the object signal.

The apparatus of claim 13, further comprising a rendering unit generating an
output signal by applying the rendering parameter to the object downmix signal
based on the at least one object signal.

The apparatus of claim 13, further comprising a rendering parameter encoding
unit generating a rendering parameter bitstream by encoding the rendering

parameter.
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[Fig. 2]
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[Fig. 7]
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